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(54) Color filter manufacturing method and apparatus therefor 



(57) It is an object of this invention to provide a color 
filter manufacturing method of manufacturing a color fil- 
ter having excellent color irregularity characteristics 
without color omission and color mixture. In order to 
achieve the above object, according to this invention, 
there is provided a color filter manufacturing method of 
coloring each of many filter elements partitioned off by 



many frames formed on a transparent substrate by dis- 
charging an ink colored in a predetermined color into 
each of the frames (1 Oa), thereby manufacturing a color 
filter, including, in coloring each of the filter elements, 
changing a discharging start position of an ink dis- 
charged into the frame (10a) partitioning off each of the 
filter elements to color the filter element while changing 
an amount by which the ink overlaps the frame (10a). 
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Des ription 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a method and ap- 
paratus for manufacturing a color filter by forming and 
arranging a large number of colored filter elements on 
a transparent substrate, the color filter, a display appa- 
ratus, an apparatus having the display apparatus, and 
a method of equalizing the colored states of areas, 

DESCRIPTION OF THE RELATED ART 

With recent advances in personal computers, espe- 
cially portable personal computers, the demand tends 
to arise for liquid crystal displays, especially color liquid 
crystal displays. However, in order to further popularize 
the use of liquid crystal displays, a reduction in cost must 
be achieved. Especially, it is required to reduce the cost 
of a color filter which occupies a large proportion of the 
total cost. Various methods have been tried to satisfy 
the required characteristics of color filters while meeting 
the above 5 requirements. However, any method capa- 
ble of satisfying all the requirements has not been es- 
tablished. The respective methods will be described be- 
low. 

The first method is a dyeing method, which is the 
most popular method. In the dyeing method, a watersol- 
uble polymer material as a dyeable material is coated 
on a glass substrate, and the coating is patterned into 
a desired shape by a photolithography process. The ob- 
tained pattern is dipped in a dye bath to obtain a colored 
pattern. This process is repeated three times to form R, 
G, and B color filter layers. 

The second method is a pigment dispersion meth- 
od, which is currently replacing the dyeing method. In 
this method, a pigment-dispersed photosensitive resin 
layer is formed on a substrate and patterned into a sin- 
gle-color pattern. This process is repeated three times 
to obtain R, G, and B color filter layers. 

The third method is an electrodeposition method. In 
this method, a transparent electrode is patterned on a 
substrate, and the resultant structure is dipped in an 
electrodeposition coating fluid containing a pigment, a 
resin, an electrolyte, and the like to be colored in the first 
color by electrodeposition. This process is repeated 
three times to form R, G, and B color filter layers. Finally, 
these layers are calcined. 

The fourth method is a print method. In this method, 
a pigment is dispersed in a thermosetting resin, a print 
operation is performed three times to form R, G, and B 
coatings separately, and the resins are thermoset, 
thereby forming colored layers. In either of the above 
methods, a protective layer is generally formed on the 
colored layers. 

The point common to these methods is that the 



same process must be repeated three tim s to obtain 
layers colored in three colors, i.e., R, G, and B. This 
causes an increase in cost. In addition, as the number 
of processes increases, the yield decreases. In the elec- 

s trodeposition method, limitations ar imposed on pat- 
tern shapes which can be formed. For this reason, with 
the existing techniques, this method cannot be applied 
to TFTs. In the print method, a pattern with a fine pitch 
cannot be formed because of poor resolution and poor 

10 evenness. 

In order to eliminate these drawbacks, methods of 
manufacturing color filters by an ink-jet system are dis- 
closed in Japanese Patent Laid-Open Nos. 59-75205, 
63-235901, and 1-217320. In these methods, coloring 

15 solutions containing coloring agents of three colors, i.e, , 
R (red), G (green), and B (blue), are sprayed on a trans- 
parent substrate by an ink-jet system, and the respec- 
tive coloring solutions are dried to form colored image 
portions. In such an ink-jet system, R, G, and B filter 

20 elements (pixels) can be formed at once, allowing great 
simplification of the manufacturing process and a great 
reduction in cost. 

In the above conventional manufacturing methods 
based on the ink-jet system, however, it is difficult to dis- 

2S charge a required amount of ink for one filter element 
(one pixel) at once and uniformly spread the ink on the 
entire surface of each opening portion of a black matrix 
for partitioning off each filter element. In addition, each 
discharged ink dot has an almost circular shape, and a 

30 plurality of ink dots must be discharged onto each rec- 
tangular opening portion of the black matrix. In this case, 
it is difficult to uniformly spread the ink on the entire sur- 
face of each opening portion of the black matrix by using 
a method of uniformly discharging an ink. Color omis- 

35 sions occur sometimes at peripheral portions of an 
opening portion. A color omission is a serious defect for 
a color filter, and causes a great deterioration in image 
quality. If a considerably larger dot is formed on an open- 
ing portion of a black matrix in order to prevent such an 

^0 inconvenience, the dot may mix with a dot of another 
color in an adjacent opening portion. In order to solve 
this problem, various proposals associated an improve- 
ment in the properties of inks and reception layers have 
been made. 

^5 The experiment conducted by the present applicant 
shows that the behavior of inks after impact greatly var- 
ies depending on the characteristics of red (R), green 
(G), and blue (B) inks and the like. That is, only with an 
improvement in the properties of inks and reception lay- 

50 ers, it is difficult to manufacture a color filter without color 
irregularity by using an ink-jet system. As described 
above, an ink discharging method and discharging 
amount are important factors in manufacturing a color 
filter. 

55 

SUMMARY OF THE INVENTION 

The present invention has been made in consider- 
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ation of the abov situation, and has as Its first object to 
provide a nnethod and apparatus for nnanufacturing a 
color filter having excellent color irregularity character- 
istics without any color omission, color mixture, and the 
like, and a method of equalizing the colored states of 
areas. 

It is the second object of the present invention to 
provide a color filter having excellent color irregularity 
characteristics without any color omission, color mix- 
ture, and the like, a display apparatus using the color 
filter, and an apparatus having the display apparatus. 

In order to solve the above problems and achieve 
the above objects, a color filter manufacturing method 
of the present invention is characterized by the following 
process according to its first aspect. 

There is provided a color filter manufacturing meth- 
od of coloring each of many filter elements partitioned 
off by many frames formed on a transparent substrate 
by discharging an ink colored in a predetermined color 
into each of the frames, thereby manufacturing a color 
filter, comprising, in coloring each of the filter elements, 
changing a discharging start position of an ink dis- 
charged into the frame partitioning off each of the filter 
elements to color the filter element while changing an 
amount by which the ink overlaps the frame. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its second aspect. 

There is provided a color filter manufacturing meth- 
od of coloring each of many filter elements partitioned 
off by many frames formed on a transparent substrate 
by discharging an ink colored in a predetermined color 
into each of the frames, thereby manufacturing a color 
filter, comprising decreasing intervals between inks, dis- 
charged in an overlapping state, at a last stage of a dis- 
charging process in coloring each of the filter elements, 
when a plurality of inks are to be shifted and discharged, 
in an overlapping state, into the frame partitioning off 
each of the filter elements. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its third aspect. 

There is provided a color filter manufacturing meth- 
od of coloring each of many filter elements partitioned 
off by many frames formed on a transparent substrate 
by discharging an ink colored in a predetermined color 
into each of the frames, thereby manufacturing a color 
filter, comprising changing the number of inks, to be dis- 
charged in an overlapping state, in accordance with an 
amount of ink discharged in coloring each of the filter 
elements, when a plurality of inks are to be shifted and 
discharged, in an overlapping state, into the frame par- 
titioning off each of the filter elements. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its fourth aspect. 

There is provided a color filter manufacturing meth- 
od of coloring each of many filter elements partitioned 



off by many frames formed on a transparent substrate 
by discharging an ink colored in a predetermined color 
into each of the frames, thereby manufacturing a'tolof 
filter, comprising setting amounts of ink, discharged in 
5 an overlapping state, to be different in units of inks in 
coloring each of the filter elements, when a plurality of 
inks are to be shifted and discharged, in an overlapping 
state, into the frame partitioning off each of the filter el- 
ements. 

10 A color filter manufacturing apparatus of the present 
invention isxharacterized by the following arrangement 
according to its first aspect. 

There is provided a color filter manufacturing appa- 
ratus for coloring each of many filter elements parti- 
^5 tioned off by many frames formed on a transparent sub- 
strate by discharging an ink colored in a predetermined 
color into each of the frames, thereby manufacturing a 
color filter, comprising discharge means for discharging 
a colored ink onto the substrate, moving means for mov- 
ing relative positions of the discharging means and the 
substrate, and control means for, when each of the filter 
elements is to be colored, controlling the moving means 
and the discharge means to change an amount by which 
the ink overlaps the frame by changing a discharging 
start position of the ink discharged into the frame parti- 
tioning off each of the filter elements. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its second aspect. 

There is provided a color filter manufacturing appa- 
ratus for coloring each of many filter elements parti- 
tioned off by many frames formed on a transparent sub- 
strate by discharging an ink colored in a predetermined 
color into each of the frames, thereby manufacturing a 
color filter, comprising discharge means for discharging 
a colored ink onto the substrate, moving means for mov- 
ing relative positions of the discharging means and the 
substrate, and control means for, when each of the filter 
elements is to be colored, controlling the moving means 
and the discharge means to shift and discharge a plu- 
rality of inks, in an overlapping state, into the frame par- 
titioning off each of the filter elements such that intervals 
between inks discharged in an overlapping state is de- 
creased at a last stage of a discharging process. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its third aspect. 

There is provided a color filter manufacturing appa- 
ratus for coloring each of many filter elements parti- 
tioned off by many frames formed on a transparent sub- 
strate by discharging an ink colored in a predetermined 
color into each of the frames, thereby manufacturing a 
color filter, comprising discharge means for discharging 
a colored ink onto the substrate, moving means for mov- 
ing relative positions of the discharging means and the 
substrate, and control means for, when each of the filter 
elements is to be colored, controlling the moving means 
and the discharge means to shift and discharge a plu- 
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rality of inks, in an overlapping state, into the frame par- 
' titioning off each of the filter elements such that the 
number of inks discharged in an overlapping state is 
changed in accordance with an amount of the ink dis- 
charged. 

A color filter manufacturing apparatus of the present 
invention is characterized by th following arrangement 
according to its fourth aspect. 

There is provided a color filter manufacturing appa- 
ratus for coloring each of many filter elements parti- 
tioned off by many frames formed on a transparent sub- 
strate by discharging an ink colored in a predetermined 
color into each of the frames, thereby manufacturing a 
color filter, comprising discharge means for discharging 
a colored ink onto the substrate, moving means for mov- 
ing relative positions of the discharging means and the 
substrate, and control means for, when each of the filter 
elements is to be colored, controlling the moving means 
and the discharge means to shift and discharge a plu- 
rality of inks, in an overlapping state, into the frame par- 
titioning off each of the filter elements such that amounts 
of inks discharged in an overlapping state are set to be 
different in units of inks. 

A color filter of the present invention is character- 
ized by the following arrangement according to its first 
aspect. 

There is provided a color filter manufactured by 
coloring each of many filter elements partitioned off by 
many frames formed on a transparent substrate by dis- 
charging an ink colored in a predetermined color into 
each of the frames, wherein in coloring each of the filter 
elements, a discharging start position of an ink dis- 
charged into the frame partitioning off each of the filter 
elements is changed to color the filter element while 
changing an amount by which the ink overlaps the 
frame. 

A color filter of the present invention is character- 
ized by the following arrangement according to its sec- 
ond aspect. 

There is provided a color filter manufactured by 
coloring each of many filter elements partitioned off by 
many frames formed on a transparent substrate by dis- 
charging an ink colored in a predetermined color into 
each of the frames, wherein in coloring each of the filter 
elements, when a plurality of inks are to be shifted and 
discharged, in an overlapping state, into the frame par- 
titioning off each of the filter elements, intervals between 
inks discharged in an overlapping state are decreased 
at a last stage of a discharging process. 

A color filter of the present invention is character- 
ized by the following arrangement according to its third 
aspect. 

There is provided a color filter manufactured by 
coloring each of many filter elements partitioned off by 
many frames formed on a transparent substrate by dis- 
charging an ink colored in a predetermined color into 
each of the frames, wherein in coloring each of the filter 
elements, when a plurality of inks are to be shifted and 



discharged, in an overlapping state, into the frame par- 
titioning off each of th filter elements, the number of 
inks to be discharged In an overlapping state is changed 
in accordance with an amount of ink discharged. 
5 A color filter of the present invention is character- 
ized by the following arrangement according to its fourth 
aspect. 

There is provided a color filter manufactured by 
coloring each of many filter el ments partitioned off by 
10 many frames formed on a transparent substrate by dis- 
charging an ink colored in a predetermined color into 
each of the frames, wherein in coloring each of the filter 
elements, when a plurality of inks are to be shifted and 
discharged, in an overlapping state, into the frame par- 
75 titioning off each of the filter elements, amounts of ink 
discharged in an overlapping state are set to be different 
in units of inks. 

A display apparatus of the present Invention is char- 
acterized by the following arrangement according to its 
20 first aspect. 

There is provided a display apparatus using a color 
filter manufactured by coloring each of many filter ele- 
ments partitioned off by many frames formed on a trans- 
parent substrate by discharging an ink colored in a pre- 
25 determined color into each of the frames, integrally com- 
prising a color filter having filter elements each colored 
such that a discharging start position of an ink dis- 
charged into the frame partitioning off each of the filter 
elements is changed to change an amount by which the 
30 ink overlaps the frame, and light amount changing 
means for changing an amount of light. 

A display apparatus of the present invention is char- 
acterized by the following arrangement according to its 
second aspect. 
35 There is provided a display apparatus using a color 
filter manufactured by coloring each of many filter ele- 
ments partitioned off by many frames formed on a trans- 
parent substrate by discharging an ink colored in a pre- 
determined color into each of the frames, integrally com- 
40 prising a color filter having filter elements each colored 
such that when a plurality of inks are to be shifted and 
discharged, in an overlapping state, into the frame par- 
titioning off each of the filter elements, intervals between 
inks discharged in an overlapping state are decreased 
^5 at a last stage of a discharging process, and light 
amount changing means for changing an amount of 
light. 

A display apparatus of the present invention is char- 
acterized by the following arrangement according to its 
50 third aspect. 

There is provided a display apparatus using a color 
filter manufactured by coloring each of many filter ele- 
ments partitioned off by many frames formed on a trans- 
parent substrate by discharging an ink colored in a pre- 
55 determined color into each of the frames, integrally com- 
prising a color filter having filter elements each colored 
such that when a plurality of inks are to be shifted and 
discharged, in an overlapping state, into the frame par- 
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titioning off each of the filter elements, the number of 
inks to be discharged in an overlapping state is changed 
in accordance with an amount of ink discharged, and 
light amount changing means for changing an amount 
of light. 

A display apparatus of the present invention is char- 
acterized by the following arrangement according to its 
fourth aspect. 

There is provided a display apparatus using a color 
filter manufactured by coloring each of many filter ele- 
ments partitioned off by many frames formed on a trans- 
parent substrate by discharging an ink colored in a pre- 
determined color into each of the frames, integrally com- 
prising a color filter having filter elements each colored 
such that when a plurality of inks are to be shifted and 
discharged, in an overlapping state, into the frame par- 
titioning off each of the filter elements, amounts of ink 
discharged in an overlapping state are set to be different 
in units of inks, and light amount changing means for 
changing an amount of light. 

An apparatus including a display apparatus of the 
present invention Is characterized by the following ar- 
rangement according to its first aspect. 

There is provided an apparatus including a display 
apparatus having a color filter manufactured by coloring 
each of many filter elements partitioned off by many 
frames formed on a transparent substrate by discharg- 
ing an Ink colored in a predetermined color into each of 
the frames, comprising a display apparatus integrally in- 
corporating a color filter having filter elements each 
colored such that a discharging start position of an Ink 
discharged Into the frame partitioning off each of the fil- 
ter elements Is changed to change an amount by which 
the ink overlaps the frame, and light amount changing 
means for changing an amount of light, and Image signal 
output means for outputting an image signal to the dis- 
play apparatus. 

An apparatus including a display apparatus of the 
present Invention is characterized by the following ar- 
rangement according to Its second aspect. 

There Is provided an apparatus including a display 
apparatus having a color filter manufactured by coloring 
each of many filter elements partitioned off by many 
frames formed on a transparent substrate by discharg- 
ing an Ink colored In a predetermined color into each of 
the frames, comprising a display apparatus integrally in- 
corporating a color filter having filter elements each 
colored such that when a plurality of Inks are to be shift- 
ed and discharged, in an overlapping state, into the 
frame partitioning off each of the filter elements, Inter- 
vals between Inks discharged In an overlapping state 
are decreased at a last stage of a discharging process, 
and light amount changing means for changing an 
amount of light, and image signal output means for out- 
putting an image signal to the display apparatus. 

An apparatus including a display apparatus of the 
present invention Is characterized by the following ar- 
rangement according to Its third aspect. 



There is provided an apparatus including a display 
apparatus having a color filter manufactured by coloring 
each of many filter elements partitioned off by^rnany 
frames formed on a transparent substrate by discharg- 
5 Ing an ink colored in a predetermined color into each of 
the frames, comprising a display apparatus integrally in- 
corporating a color filter having filter elements each 
colored such that when a plurality of inks are to be shift- 
ed and discharged, in an overlapping state, into the 
10 frame partitioning off each of the filter elements, the 
number of inks to be discharged in an overlapping state 
is changed in accordance with an amount of ink dis- 
charged, and light amount changing means for chang- 
ing an amount of light, and image signal output means 
IS for outputting an image signal to the display apparatus. 
An apparatus including a display apparatus of the 
present invention is characterized by the following ar- 
rangement according to its fourth aspect. 

There is provided an apparatus including a display 
20 apparatus having a color filter manufactured by coloring 
each of many filter elements partitioned off by many 
frames formed on a transparent substrate by discharg- 
ing an ink colored in a predetermined color into each of 
the frames, comprising a display apparatus integrally In- 
25 corporating a color filter having filter elements each 
colored such that when a plurality of inks are to be shift- 
ed and discharged, in an overlapping state, into the 
frame partitioning off each of the filter elements, 
amounts of ink discharged in an overlapping state are 
30 set to be different in units of inks, and light amount 
changing means for changing an amount of light, and 
image signal output means for outputting an image sig- 
nal to the display apparatus. 

A display apparatus of the present Invention is char- 
ts acterized by the following arrangement according to its 
fifth aspect. 

There Is provided a display apparatus using a color 
filter manufactured by coloring each of many filter ele- 
ments partitioned off by many frames formed on a Uans- 
40 parent substrate by discharging an Ink colored In a pre- 
determined color into each of the frames, Integrally com- 
prising a color filter having substantially no density Ir- 
regularity which visually exists at central and peripheral 
portions of the frame, and light amount changing means 
45 for changing an amount of light. 

An apparatus Including a display apparatus of the 
present Invention is characterized by the following ar- 
rangement according to Its fifth aspect. 

There Is provided an apparatus including a display 
50 apparatus having a color filter manufactured by coloring 
each of many filter elements partitioned off by many 
frames formed on a transparent substrate by discharg- 
ing an ink colored In a predetermined color into each of 
the frames, comprising a display apparatus integrally in- 
55 corporating a color filter having substantially no density 
Irregularity which visually exists at central and peripher- 
al portions of the frame, and light amount changing 
means for changing an amount of tight, and image signal 
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output means for outputting an image signal to the dis- 
r play apparatus. 

A^color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its fifth aspect. 

There is provided a color filter manufacturing meth- 
od of manufacturing a color filter by discharging an ink 
while scanning, with an ink-jet head, a transparent sub- 
strate on which many frames for partitioning off many 
filter elements are formed, and continuously coloring 
portions inside and outside the frames arranged in a 
scanning direction of the ink-jet head, comprising color- 
ing the filter elements arranged in the scanning direction 
while an amount by which the ink overlaps each of the 
frames is changed by changing a discharging start po- 
sition of the ink discharged into the frame at the start of 
the scanning operation! 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its sixth aspect. 

There is provided a color filter manufacturing meth- 
od of manufacturing a color filter by discharging an ink 
while scanning, with an ink-jet head, a transparent sub- 
strate on which many frames for partitioning off many 
filter elements are formed, and continuously coloring 
portions inside and outside the frames arranged in a 
scanning direction of the ink-jet head, comprising de- 
creasing intervals betv/een ink, discharged in an over- 
lapping state, at a last stage of a scanning operation. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its seventh aspect. 

There is provided a color filter manufacturing meth- 
od of manufacturing a color filter by discharging an ink 
while scanning, with an ink-jet head, a transparent sub- 
strate on which many frames for partitioning off many 
filter elements are formed, and continuously coloring 
portions inside and outside the frames arranged in a 5 
scanning direction of the ink-jet head, comprising 
changing the number of inks, discharged in an overlap- 
ping state, in accordance with an amount of ink dis- 
charged. 

A color filter manufacturing method of the present 
invention is characterized by the following process ac- 
cording to its eighth aspect. 

There is provided a color filter manufacturing meth- 
od of manufacturing a color filter by discharging an ink 
while scanning, with an ink-jet head, a transparent sub- 
strate on which many frames for partitioning off many 
filter elements are formed, and continuously coloring 
portions inside and outside the frames arranged in a 
scanning direction of the ink-jet head, comprising setting 
amounts of inks, discharged in an overlapping state, to 
be different in units of inks. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following arrangement 
according to its fifth aspect. 

There is provided a color filter manufacturing appa- 



ratus for manufacturing a color filter by discharging an 
ink while scanning, with an ink-jet head, a transparent 
substrate on which many frames for partitioning off 
many filter elements are formed, and continuously color- 

5 ing portions inside and outside the frames arranged in 
a scanning direction of the ink-jet head, comprising mov- 
ing means for moving relative positions of the ink-jet 
head and the substrate, and control means for control- 
ling the moving means and the ink-jet head such that an 

10 amount by which the ink overlap the frame is changed 
by changing a discharging start position of the ink dis- 
charged into the frame at the start of the scanning op- 
eration. 

A color filter manufacturing apparatus of the present 
15 invention is characterized by the following arrangement 
according to its sixth aspect. 

There is provided a color filter manufacturing appa- 
ratus for manufacturing a color filter by discharging an 
ink while scanning, with an ink-jet head, a transparent 
substrate on which many frames for partitioning off 
many filter elements are formed, and continuously color- 
ing portions inside and outside the frames arranged in 
a scanning direction of the ink-jet head, comprising mov- 
ing means for moving relative positions of the ink-jet 
head and the substrate, and control means for control- 
ling the moving means and the ink-jet head to decrease 
intervals between inks discharged in an overlapping 
state at a last stage of the scanning operation. 

A color filter manufacturing apparatus of the present 
invention is characterized by the following apparatus ac- 
cording to its seventh aspect. 

There is provided a color filter manufacturing appa- 
ratus for manufacturing a color filter by discharging an 
ink while scanning, with an ink-jet head, a transparent 
substrate on which many frames for partitioning off 
many filter elements are formed, and continuously color- 
ing portions inside and outside the frames arranged in 
a scanning direction of the ink-jet head, comprising mov- 
ing means for moving relative positions of the ink-jet 
head and the substrate, and control means for control- 
ling the moving means and the ink-jet head to set 
amounts of inks discharged in an overlapping state to 
be different in units of inks. 

Acolorfilter manufacturing apparatus of the present 
invention is characterized by the following apparatus ac- 
cording to its eighth aspect. 

There is provided a color filter manufacturing appa- 
ratus for manufacturing a color filter by discharging an 
ink while scanning, with an ink-jet head, a transparent 
substrate on which many frames for partitioning off 
many filter elements are formed, and continuously color- 
ing portions inside and outside the frames arranged in 
a scanning direction of the ink-jet head, comprising mov- 
ing means for moving relative positions of the ink-jet 
head and the substrate, and control means for control- 
ling the moving means and the ink-jet head to set 
amounts of inks discharged in an overlapping state to 
be different in units of inks. 
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A color filter of the present invention is character- 
ized by the following arrangement according to its fifth 
aspect. >i:^. . . , ur. 

There is provided a color filter nnanufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged in a scanning direction of the ink-jet head, 
wherein the filter elements arranged in the scanning di- 
rection are colored while an amount by which the ink 
overlaps each of the frames is changed by changing a 
discharging start position of the ink discharged into the 
frame at the start of the scanning operation. 

A color filter of the present invention is character- 
ized by the following arrangement according to its sixth 
aspect. 

There is provided a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged in a scanning direction of the ink-jet head, 
wherein intervals between Ink discharged in an overlap- 
ping state are decreased at a last stage of a scanning 
operation. 

A color filter of the present invention is character- 
ized by the following arrangement according to its sev- 
enth aspect. 

There is provided a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged in a scanning direction of the Ink-jet head, 
wherein the number of Inks discharged in an overlap- 
ping state is changed In accordance with an amount of 
Ink discharged- 

A color filter of the present Invention is character- 
ized by the following arrangement according to its eighth 
aspect. 

There is provided a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged In a scanning direction of the Ink-jet head, 
wherein amounts of inks discharged in an overlapping 
state are set to be different in units of Inks. 

A display apparatus of the present Invention is char- 
acterized by the following arrangement according to Its 
sixth aspect. 

There Is provided a display apparatus using a color 
filter manufactured by discharging an Ink while scan- 
ning, with an ink-jet head, a transparent substrate on 
which many frames for partitioning off many filter ele- 
ments are formed, and continuously coloring portions 
Inside and outside the frames arranged in a scanning 



direction of the ink-jet head, integrally comprising a color 
filter manufactured by coloring filter elements arranged 
in the scanning direction while an amount by which the 
ink overlaps each of the frames is changed by changing 
5 a discharging start position of the ink discharged into the 
frame at the start of the scanning operation, and light 
amount changing means for changing an amount of 
light. 

A display apparatus of the present invention is char- 

10 acterized by the following arrangement according to its 
seventh aspect. 

There is provided a display apparatus using a color 
filter manufactured by discharging an ink while scan- 
ning, with an ink-jet head, a transparent substrate on 

15 which many frames for partitioning off many filter ele- 
ments are formed, and continuously coloring portions 
inside and outside the frames arranged in a scanning 
direction of the ink-jet head. Integrally comprising a color 
filter colored while intervals between ink discharged in 

20 an overlapping state are decreased at a last stage of a 
scanning operation, and light amount changing means 
for changing an amount of light. 

A display apparatus of the present Invention is char- 
acterized by the following arrangement according to its 

25 eighth aspect. 

There is provided a display apparatus using a color 
filter manufactured by discharging an ink while scan- 
ning, with an Ink-jet head, a transparent substrate on 
which many frames for partitioning off many filter ele- 

30 ments are formed, and continuously coloring portions 
inside -and outside the frames arranged in a scanning 
direction of the ink-jet head, integrally comprising a color 
filter colored while the number of inks discharged in an 
overlapping state is changed in accordance with an 

35 amount of ink discharged, and light amount changing 
means for changing an amount of light. 

A display apparatus of the present invention is char- 
acterized by the following arrangement according to its 
ninth aspect. 

^0 There is provided a display apparatus using a color 
filter manufactured by discharging an ink while scan- 
ning, with an ink-jet head, a transparent substrate on 
which many frames for partitioning off many filter ele- 
ments are formed, and continuously coloring portions 

^5 inside and outside the frames arranged in a scanning 
direction of the ink-jet head, integrally comprising a color 
filter while amounts of Inks discharged in an overlapping 
state are set to be different in units of inks, and light 
amount changing means for changing an amount of 

50 light. 

An apparatus including a display apparatus of the 
present invention is characterized by the following ar- 
rangement according to Its sixth aspect. 

There is provided an apparatus including a display 
55 apparatus having a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
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uously coloring portions inside and outside the frames 
' arranged in a scanning direction of the ink-jet head, 
comprising a. display apparatus integrally incorporating 
a color filter manufactured by coloring filter elements ar- 
ranged in the scanning direction while an.amount by 5 
which the ink overlaps each of the frames is changed 
by changing a discharging start position of the ink dis- 
charged into the frame at the start of the scanning op- 
eration, and light amount changing means for changing 
an amount of light, and image signal output means for 
outputting an image signal to the display apparatus. 

An apparatus including a display apparatus of the 
present invention is characterized by the following ar- 
rangement according to its seventh aspect. 

There is provided an apparatus including a display 
apparatus having a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged in a scanning direction of the ink-jet head, 
comprising a display apparatus integrally incorporating 
a color filter colored while intervals between ink dis- 
charged in an overlapping state are decreased at a last 
stage of a scanning operation, and light amount chang- 
ing means for changing an amount of light, and image 
signal output means for outputting an image signal to 
the display apparatus. 

An apparatus including a display apparatus of the 
present invention is characterized by the following ar- 
rangement according to its eighth aspect. 

There is provided an apparatus including a display 
apparatus having a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged in a scanning direction of the ink-jet head, 
comprising a display apparatus integrally incorporating 
a color filter colored while the number of inks discharged 
in an overlapping state is changed in accordance with 
an amount of ink discharged, and light amount changing 
means for changing an amount of light, and image signal 
output means for outputting an image signal to the dis- 
play apparatus. 

An apparatus including a display apparatus of the 
present invention is characterized by the following ar- 
rangement according to its ninth aspect. 

There is provided an apparatus including a display 
apparatus having a color filter manufactured by dis- 
charging an ink while scanning, with an ink-jet head, a 
transparent substrate on which many frames for parti- 
tioning off many filter elements are formed, and contin- 
uously coloring portions inside and outside the frames 
arranged in a scanning direction of the ink-jet head, 
comprising a display apparatus integrally incorporating 
a color filter while amounts of inks discharged in an over- 
lapping state are set to be different in units of inks, and 



light amount changing means for changing an amount 
of light, image signal output means for outputting an im- 
age signal to the display apparatus. 

A color filter manufacturing method of th present 
invention is characterized by the following process ac- 
cording to Its ninth aspect. 

There is provided a method of manufacturing a 
color filter by discharging an ink onto a substrate to per- 
form a coloring operation while scanning the substrate 
with an ink-jet head, comprising changing a method of 
discharging the ink from the ink-jet head for each area 
in a filter element unit which is located on the substrate, 
includes at least one filter element, and extends in a 
scanning direction so as to equalize color irregularity in 
the filter element unit. 

A method of equalizing colored states of areas of 
the present invention is characterized by the following 
process according to its first aspect. 

There is provided a method of equalizing colored 
states of areas on a substrate in manufacturing a color 
filter by discharging an ink onto the substrate to perform 
a coloring operation while scanning the substrate with 
an ink-jet head, comprising changing a method of dis- 
charging the ink from the ink-jet head for each area in a 
filter element unit which is located on the substrate, in- 
cludes at least one filter element, and extends in a scan- 
ning direction. 

Other objects and advantages besides those dis- 
cussed above shall be apparent to those skilled in the 
art from the description of a preferred embodiment of 
the invention which follows. In the description, reference 
is made to accompanying drawings, which form a part 
hereof, and which illustrate an example of the invention. 
Such example, however, is not exhaustive of the various 
embodiments of the invention, and therefore reference 
is made to the claims which follow the description for 
determining the scope of the invention. 

BRIEF DESCRIPTION THE DRAWINGS 

Figs. 1 A and 1B are enlarged views of color filters 
manufactured by a manufacturing method and ap- 
paratus of the present invention; 
Fig. 2 is a sectional side view of the color filter in 
Figs. 1 A and 18; 

Fig. 3 is a sectional side view showing the structure 
of a color liquid crystal panel; 
Fig. 4 is a sectional side view showing the structure 
of a color liquid crystal panel; 
Fig. 5 is a block diagram showing an information 
processing apparatus using the liquid crystal panel; 
Fig. 6 is a perspective view showing the information 
processing apparatus using the liquid crystal panel; 
Fig. 7 is a perspective view showing the information 
processing apparatus using the liquid crystal panel; 
Fig. 8 is a perspective view showing an ink-jet head 
IJH for spraying an ink on a layer to be dyed; 
Fig. 9 is a view for explaining a method of controlling 
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the amount of ink discharged by changing power 
supplied to heaters; • 

Fig. 10 is a perspective view showing the arrange- 
ment of a manufacturing apparatus for manufactur- 
ing the color filter in Figs. 1 A to 2; s 
Fig. 1 1 is a block diagram showing the arrangement 
of a controller of the color filter manufacturing ap- 
paratus; 

Fig, 12 is a view showing the relationship between 
the discharging positions and the number of ink dots io 
and the manner in which a filter element is colored; 
Fig. 13 is a view showing the relationship between 
the discharging positions andthe number of inkdots 
and the manner in which a filter element is colored; 
Fig. 14 is a view showing the relationship between '5 
the discharging positions andthe number of inkdots 
and the manner in which a filter element is colored; 
Fig. 15 is a view showing the relationship between 
the discharging positions and the number of ink dots 
and the manner in which a filter element is colored; 20 
Fig. 16 is a view showing the relationship between 
the discharging positions andthe number of inkdots 
and the manner in which a filter element is colored; 
Fig. 17 is a view showing the relationship between 
the discharging positions andthe number of ink dots 25 
and the manner in which a filter element is colored; 
Fig. 18 is a view showing the relationship between 
the discharging positions and the number of ink dots 
and the manner in which a filter element is colored; 
Fig. 1 9 is a view showing the relationship between 30 
the discharging positions andthe number of ink dots 
and the manner in which a filter element is colored; 
Figs. 20A to 20C are views showing the shapes of 
light-shielding gratings; 

Figs. 21 A to 21 C are views each showing the rela- 35 
tionship between the discharging positions and the 
number of ink dots and the manner in which a filter 
element is colored; 

Fig. 22 is a sectional view showing a nozzle having 
two heaters; 40 
Fig. 23 is a sectional view showing the nozzle hav- 
ing two heaters; 

Figs. 24A to 24D are graphs showing each showing 
the relationship between the amount of ink dis- 
charged and the phase shift between voltage puis- 
es applied to the two heaters; 
Fig. 25 is a graph showing the relationship between 
the amount of ink discharged and the phase shift 
between voltage pulses applied to the two heaters; 
Fig. 26 is a sectional view showing another nozzle so 
having two heaters; 

Fig. 27 is a view showing a case wherein one row 
of filter elements in the scanning direction is contin- 
uously colored; 

Fig. 28 is a view showing a case wherein one row ss 
of filter elements in the scanning direction is contin- 
uously colored; and 

Fig. 29 is a view showing a state wherein a white 



omission has occurred at th protruding portion of 
a filter element. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The preferred embodiment of the present invention 
will be described in detail below with reference to the 
accompanying drawings. 

Figs. 1 A and IB are partial enlarged views of color 
filters manufactured by a manufacturing method and ap- 
paratus according to the present invention. 

Each color filter 10 is mounted on the front surface 
of a color liquid crystal display or the like used for a port- 
able personal computer or the like. As shown in Fig. 1 A, 
filter elements 10a colored in R (red), G (green), and B 
(blue) are two-dimensionally arranged in a matrix form. 
In the color filter shown in Fig. 1 A, the filter elements 
10a are arranged in a simple matrix form. In the color 
filter shown in Fig. IB, the filter elements 10a are ar- 
ranged in a staggered form. A black light-shielding grat- 
ing 1 0b is formed between the respective fitter elements 
10a to make the boundaries between the filter elements 
10a clear so as to provide a clear screen. 

Fig. 2 is a side sectional view of the color filter 10 
in Fig. 1 A or 1 B. The light-shielding grating 1 0b is formed 
on a glass substrate 12 constituting the main body of 
the color filter 1 0. The filter elements 1 0a of the respec- 
tive colors are formed on the light-shielding grating 1 0b. 

In manufacturing the color filter 1 0, chromium is de- 
posited on the glass substrate 1 2 by sputtering, and the 
resultant film is formed into a matrix pattern by photoli- 
thography. This pattern is the light-shielding grating 1 0b. 
A layer 14 to be dyed is formed on the light-shielding 
grating 10b. The layer 14 consists of a cellulose, an 
acrylic resin, gelatin, or the like and absorbs a fluid. 
Droplets (to be referred to as an ink hereinafter) con- 
taining a coloring material (dye) are sprayed on the filter 
element formation regions of the layer 1 4 by a recording 
head of the ink-jet system. With this process, the layer 
14 is colored to form the color filter elements 10a. Note 
that a pigment or ultraviolet-curing ink may be used in- 
stead of a dye. When a pigment or ultraviolet-curing ink 
is to be used, the layer 14 may not be required. 

A protective layer is formed, as needed. As the pro- 
tective layer, for example, a layer consisting of a resin 
material of a photo-setting, thermosetting, or photo-set- 
ting/thermosetting type, or an inorganic film formed by 
vapor deposition, sputtering, or the like can be used. 
Such a layer can be used as long as it exhibits transpar- 
ency upon formation of a color filter and can withstand 
the subsequent processes, e.g., an ITO (Indium Tin Ox- 
ide) formation process and an aligning film formation 
process. 

In general, a color liquid crystal panel is formed by 
joining the color filter substrate 1 2 to a counter substrate 
54 and sealing a liquid crystal compound 52 therebe- 
tween. TFTs (Thin Film Transistors) (not shown) and 
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transparent pixel electrodes 53 are fornned on the inner 
r surface of one substrate 54 of the liquid crystal panel in 
a matrix form. The color filter 10 is placed on the inner 
surface of the other substrate 1 2 such that the R, G, and 
B coloring materials are positioned to oppose the pixel 
electrodes. A transparent counter electrode (common 
electrode) 50 is formed on the entire surface of the color 
filter 10. The light-shielding grating 10b is generally 
formed on the color filter substrate 1 2 side (see Fig. 3). 
However, in a BM (Black Matrix) on-array type liquid 
crystal panel, such a grating is formed on the TFT sub- 
strate side opposing the color filter substrate (see Fig. 
4). Aligning films 51 are formed within the planes of the 
two substrates. By performing a rubbing process for the 
aligning films 51, the liquid crystal molecules can be 
aligned In a predetermined direction. Polarizing plates 
55 are bonded to the outer surface of the respective 
glass substrates. The liquid crystal compound 52 is filled 
in the gap (about 2 to 5 |am) between these glass sub- 
strates. As a blacklight, a combination of a fluorescent 
lamp (not shown) and a scattering plate (not shown) is 
generally used. A display operation is performed by 
causing the liquid crystal compound to serve as an op- 
tical shutter for changing the transmittance for light emit- 
ted from the backlight. 

A case wherein the above liquid crystal panel is ap- 
plied to an information processing apparatus will be de- 
scribed below with reference to Figs. 5 to 7. 

Fig. 5 is a block diagram showing the schematic ar- 
rangement of an information processing apparatus 
serving as a wordprocessor, a personal computer, a fac- 
simile apparatus, and a copying machine, to which the 
above liquid crystal panel is applied. 

Referring to Fig. 5, reference numeral 1 801 denotes 
a control unit for controlling the overall apparatus. The 
control unit 1801 includes a CPU such as a microproc- 
essor and various I/O ports, and performs control by out- 
putting/inputting control signals, data signals, and the 
like to/from the respective units. Reference numeral 
1802 denotes a display unit for displaying various men- 
us, document information, and image data read by an 
image reader 1807, and the like on the display screen; 
1803, a transparent, pressure-sensitive touch panel 
mounted on the display unit 1802. By pressing the sur- 
face of the touch panel 1803 with a finger of the user or 
the like, an item input operation, a coordinate position 
input operation, or the like can be performed on the dis- 
play unit 1802. 

Reference numeral 1 804 denotes an FM (Frequen- 
cy Modulation) sound source unit for storing music in- 
formation, created by a music editor or the like, in a 
memory unit 1810 or an external memory unit 1812 as 
digital data, and reading out the information from such 
a memory, thereby performing FM modulation of the in- 
formation. An electrical signal from the FM sound source 
unit 1 804 is converted into an audible sound by a speak- 
er unit 1805. A printer unit 1806 is used as an output 
terminal for the wordprocessor, the personal computer. 



the facsimile apparatus, and the copying machine. 

Reference numeral 1807 denot s an image reader 
unit for photoelectrically reading original data. The im- 
age reader unit 1 807 is arranged midway along the orig- 
5 inal convey passage and designed to read originals for 
facsimile and copy operations and other various origi- 
nals. 

Reference numeral 1808 denotes a transmission/ 
reception unit for the facsimile (FAX) apparatus. The 

10 transmission/reception unit 1 808 transmits original data 
read by the image reader unit 1807 by facsimile, and 
receives and decodes a sent facsimile signal. The trans- 
mission/reception unit 1 808 has an interface function for 
external units. Reference numeral 1809 denotes a tele- 

15 phone unit having a general telephone function and var- 
ious telephone functions such as an answering function. 

Reference numeral 1810 denotes a memory unit in- 
cluding a ROM for storing system programs, manager 
programs, application programs, fonts, and dictionaries, 

20 a RAM for storing an application program loaded from 
the external memory unit 1812 and document informa- 
tion, a video RAM, and the like. 

Reference numeral 1811 denotes a keyboard unit 
for inputting document information and various com- 

25 mands. 

Reference numeral 181 2 denotes an external mem- 
ory unit using a floppy disk, a hard disk, and the like. 
The external memory unit 1812 serves to store docu- 
ment information, music and speech information, appli- 

30 cation programs of the user, and the like. 

Fig. 6 is a perspective view of the information 
processing apparatus in Fig. 5. 

Referring to Fig. 6, reference numeral 1 901 denotes 
a flat panel display using the above liquid crystal panel, 

35 which displays various menus, graphic pattern informa- 
tion, document information, and the like. A coordinate 
input or item designation input operation can be per- 
formed on the flat panel display 1901 by pressing the 
surface of the touch panel 1 803 with a finger of the user 

40 or the like. Reference numeral 1 902 denotes a handset 
used when the apparatus is used as a telephone set. A 
keyboard 1903 is detachably connected to the main 
body via a cord and is used to perform various document 
functions and input various data. This keyboard 1903 

45 has various function keys 1904. Reference numeral 
1905 denotes an insertion port through which a floppy 
disk is inserted into the external memory unit 1812, 

Reference numeral 1906 denotes an original table 
on which an original to be read by the image reader unit 

50 1 e07 is placed. The read original is discharged from the 
rear portion of the apparatus. In a facsimile receiving 
operation, received data is printed out by an ink-jet print- 
er 1907. 

When the above information processing apparatus 
55 is to serve as a personal computer or a wordprocessor, 
various kinds of information input through the keyboard 
unit 1811 are processed by the control unit 1801 in ac- 
cordance with a predetermined program, and the result- 
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ant information is output, as an image, to the printer unit 
1806. 

When the infomnatidh" processing ^apparatus is to 
serve as the receiver of the facsimile apparatus, facsim- 
ile information input through the transmission/reception s 
unit 1808 via a communication line is subjected to re- 
ception processing in the control unit 1801 in accord- 
ance with a predetermined program, and the resultant 
information is output, as a received image, to the printer 
unit 1806. 10 

When the information processing apparatus is to 
serve as the copying machine, an original is read by the 
image reader unit 1807, and the read original data is 
output, as an image to be copied, to the printer unit 1 806 
via the control unit 1 801 . Note that when the information is 
processing apparatus is to serve as the receiver of the 
facsimile apparatus, original data read by the image 
reader unit 1807 is subjected to transmission process- 
ing in the control unit 1801 in accordance with a prede- 
termined program, and the resultant data is transmitted 20 
to a communication line via the transmission/reception 
unit 1808. 

Note that the above information processing appa- 
ratus may be designed as an integrated apparatus in- 
corporating an ink-jet printer in the main body, as shown 25 
in Fig, 7. In this case, the portability of the apparatus 
can be improved. The same reference numerals in Fig. 
7 denote parts having the same functions as those in 
Fig. 6. 

Fig. 8 shows the structure of an ink-jet head IJH for 30 
spraying ink on the layer 14 in the color filter described 
above. 

Referring to Fig. 8, the ink-jet head IJH mainly com- 
prises a heater board 1 04 as a board on which a plurality 
of heaters 102 for heating an ink are formed, and a ceil- 35 
ing plate 106 mounted on the heater board 104. A plu- 
rality of discharging openings 1 08 are formed in the ceil- 
ing plate 106. Tunnel-like fluid passages 110 communi- 
cating with the discharging openings 108 are formed 
therebehind. The respective fluid passages 1 1 0 are iso- ^0 
lated from the adjacent fluid passages via partition walls 
112. The respective fluid passages 110 are commonly 
connected to one ink chamber 114 at the rear side of 
the fluid passages. An ink is supplied to the ink chamber 
114 via an ink inlet 116. This ink is suppliedfrom the ink ^5 
chamber 114 to each fluid passage 110. 

The heater board 1 04 and the ceiling plate 1 06 are 
positioned such that the position of each heater 10 co- 
incides with that of a corresponding fluid passage 110, 
and are assembled into the state shown in Fig. 8. Al- so 
though Fig. 8 shows only two heaters 102, the heater 
102 is arranged in correspondence with each fluid pas- 
sage 110. When a predetermined driving signal is sup- 
plied to the heater 1 02 in the assembled state shown in 
Fig. 8, an ink above the heater 1 02 is boiled to produce 55 
a bubble, and the ink is pushed and discharged from the 
discharging opening 108 upon volume expansion of the 
ink. Therefore, the size of a bubble can be adjusted by • 



controlling a driving pulse applied to the heater 102, e, 
g., controlling the magnitude of power. That is, the vol- 
ume of the ink discharged from ach discharging open- 
ing can be arbitrarily controlled. 

Fig, 9 Is a timing chart for explaining a method of 
controlling the amount of ink discharged by changing 
power supplied to each heater in this manner. 

In this embodiment, two types of constant-voltage 
pulses are applied to each heater 102 to adjust the 
amount of ink discharged. The two pulses are a preheat 
pulse and a main heat pulse (to be simply referred to as 
a heat pulse hereinafter). The preheat pulse is a pulse 
for heating an ink to a predetermined temperature be- 
fore the ink is actually discharged. The pulse width of 
this pulse is set to be smaller than a minimum pulse 
width t5 required to discharge the ink. Therefore, the ink 
is not discharged by this preheat pulse. The preheat 
pulse is applied to each heater 1 02 to increase the initial 
temperature of the ink to a predetermined temperature 
in advance so as to always make the amount of ink dis- 
charged constant when a constant heat pulse is applied 
to the heater 102 aftenward. In contrast to this, the tem- 
perature of the ink may be adjusted in advance by ad- 
justing the width of a preheat pulse. In this case, for the 
same heat pulse, the amount of ink discharged can be 
changed. In addition, by heating ink before application 
of a heat pulse, the start time required to discharge the 
ink upon application of the heat pulse can be shortened 
to improve the responsibility. 

The heat pulse is a pulse for actually discharging 
the ink. The pulse width of the heat pulse is set to be 
larger than the minimum pulse width t5 required to dis- 
charge the ink. Energy generated by each heater 102 is 
proportional to the width (application time) of a heat 
pulse. Therefore, variations in the characteristics of the 
heaters 102 can be adjusted by adjusting the width of 
each heat pulse. 

Note that the amount of ink discharged can also be 
adjusted by adjusting the interval between a preheat 
pulse and a heat pulse to control the dispersed state of 
heat upon application of the preheat pulse. 

As is apparent from the above description, the 
amount of ink discharged can be controlled both by ad- 
justing the application time of a preheat pulse and by 
adjusting the interval between application of a preheat 
pulse and that of a heat pulse. Therefore, by adjusting 
the application time of a preheat pulse or the interval 
between application of a preheat pulse and that of a heat 
pulse as needed, the amount of ink discharged or the 
responsibility of discharging of the ink with respect to an 
applied pulse can be arbitrarily adjusted. 

Such adjustment of the amount of ink discharged 
will be described in detail next. 

Assume that an ink is discharged in different 
amounts from discharging openings (nozzles) 108a, 
108b, and 108c upon application of the same voltage 
pulse, as shown in Fig. 9. More specifically, assume that 
when a voltage having a predetermined pulse width is 



12 



applied at a predetermined temperature, the amount of 
' ink discliarged from the nozzle 108a is 36 pi (pico- 
liters) the amount of ink discharged from the nozzle 
108b, 40 pi; and the amount of ink discharged from the 
nozzle 108c, 40 pi, and the resistance of heaters 102a 5 
and 102b corresponding to the nozzles 108a and 108b 
is 200 Q, and the resistance of a heater 102c corre- 
sponding to the nozzle ip8c is 210 H. Assume that the 
amounts of ink discharged from the nozzles 1 08a, 1 08b, 
and 1 08c are to be adjusted to 40 pL 

The widths of a preheat pulse and a heat pulse may 
be adjusted to adjust the amounts of ink discharged from 
the nozzles 108a, 108b. and 108c to the same amount. 
Various combinations of the widths of preheat pulses 
and heat pulses are conceivable. In this case, the ^5 
amounts of energy generated by heat pulses are made 
equal for the three nozzles, and the amounts of ink dis- 
charged are adjusted by adjusting the widths of preheat 
pulses. 

Since the heaters 102a and 102b for the nozzles 20 
108a and 108b have the same resistance, i.e., 200 Q, 
the amounts of energy generated by heat pulses can be 
made equal by applying voltage pulses having the same 
width to the heaters 102a and 102b. In this case, the 
width of each voltage pulse is set to be t3 which is larger 25 
than the width t5. An ink is discharged in different 
amounts, i.e., 36 pi and 40 pi, from the nozzles 108a 
and 108b upon application of identical heat pulses. In 
order to increase the amount of ink discharged from the 
nozzle 108a, a preheat pulse having a width t2 larger 30 
than a width t1 of a preheat pulse applied to the heater 
102b is applied to the heater 102a. With this operation, 
the amounts of ink discharged from the heaters 108a 
and 108b can be adjusted to 40 pi. 

The heater 102c for the nozzle 108c has a resist- 35 
ance of 2^0Q, which is higher than the resistance of the 
two remaining heaters 102a and 102b. For this reason, 
in order to cause the heater 102c to generate the same 
amount of energy as that generated by the two remain- 
ing heaters, the width of a heat pulse must be set to be ^0 
larger than that of the above heat pulse. In this case, 
therefore, the width of the heat pulse is set to be t4 which 
is larger than the width t3. Since the amounts of ink dis- 
charged from the nozzles 108b and 108c upon applica- 
tion of a predetermined pulse are the same, the width 
of a preheat pulse required is equal to that of a preheat 
pulse applied to the heater 102b. That is, a preheat 
pulse having the width tl is applied to the heater 102c. 

In the above manner, the same amount of ink can 
be discharged from the nozzles 108a, 108b, and 108c 50 
which discharge an ink in different amounts upon appli- 
cation of a predetermined pulse. In addition, the 
amounts of ink discharged may be intentionally made to 
differ from each other. Note that preheat pulses are used 
to reduce variations in the discharging operation of each ss 
nozzle. 

Another method of controlling the amount of ink dis- 
charged from each nozzle will be described next. 



Fig. 22 shows a structure in which two or more heat- 
ers are disposed for one nozzle, and the amount of Ink 
discharged is continuously changed by continuously 
shifting the phases of voltage pulses applied to the re- 
spective heaters. 

Fig. 22 shows the arrangement of heaters and elec- 
trodes per nozzle. An ink-jet head can be formed by us- 
ing this pattern instead of the heaters 102 in Fig. 8. 

This arrangement includes electrodes 202, 203a, 
and 203b for Independently supplying power to each of 
two heaters 201 a and 201 b per nozzle. Fig. 23 is a sche- 
matic sectional view showing a state in which a bubble 
is produced by applying voltage pulses to the heaters 
201a and 201b of the ink-jet head having the heater/ 
electrode pattern in Fig. 22 while shifting the phases of 
the pulses. The heaters 201a and 201b produce bub- 
bles upon evaporation of an ink at different timings. For 
this reason, when these bubbles are obsen/ed at a cer- 
tain timing, bubbles of different sizes are seen, as shown 
in Fig. 23. 

Note that the electrodes 202 and 203 are not shown 
in Fig. 23. 

Referring to Fig. 23, a passage 209 to be filled with 
an ink is formed by using a heater board 212 and a ceil- 
ing plate 213. More specifically the heater board 212 is 
obtained by forming a heat-storage layer 205 on a sub- 
strate 204 made of a glass material or the like, and 
mounting heaters and electrodes on the heat-storage 
layer 205 according to the pattern shown in Fig. 22. A 
groove having a predetermined width is formed in the 
ceiling plate 21 3 to define the passage 209. The heater 
board 21 2 is joined to the ceiling plate 213 such that the 
groove cover the heaters and the electrodes. A nozzle 
207 is formed at an end of the passage 209. A heat ap- 
plication portion A1 is a passage portion including a heat 
generatingsurfaceof a heater 201. The heater 201 gen- 
erates heat at the heat application portion A1 in accord- 
ance with an input voltage pulse to cause an abrupt 
change in the state of the ink at the heat application por- 
tion A1 , i.e., evaporation of the ink, so as to produce a 
bubble. As a result, an ink 208 is discharged from the 
nozzle 207. Figs. 24A to 24D schematically show the 
relationship between the timings of voltage pulses input 
to the heaters 201a and 201b, the volume of a bubble, 
and the amount of ink discharged. 

Referring to Figs. 24A to 24D, the solid lines repre- 
sent voltage pulses to be applied, and the broken lines 
represent the volumes of bubbles upon generation of 
heat. 

Fig. 24A shows a case wherein voltage pulses are 
applied to the two heaters 201a and 201b at the same 
timing. In this case, a bubble having the maximum vol- 
ume is produced, and a large amount of ink is dis- 
charged. 

Fig. 24B shows a case wherein the input timings are 
shifted from each other by a pulse width t. In this case, 
the maximum volume of combined bubbles decreases, 
and the amount of ink discharged also decreases. 
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Fig. 24C shows a case wherein the input timings 
are shifted from each other by 2t. In this case, the 
amount of ink discharged Is equal to that in the case 
shown in Fig 24D in which only one heater is driven. Fig. 
25 is a graph showing the relationship between such 
timing shifts and the volume of a discharged ink. 

In this embodiment, the timing shift range in which 
gradation characteristics can be obtained is -2t to +2t. 
This range, however, changes depending on the applied 
pulse width t, the structure of a substrate, the type of 
ink, the pattern/positions of heaters, and the like. Con- 
trol is generally performed in the range of ±20t, prefer- 
ably the range of ±5t. In addition, the heaters need not 
be arranged along the passage, as shown in Fig. 22. 
The heaters may be arranged in a direction perpendic- 
ular to the discharging direction indicated by an arrow 
A, as shown in Fig. 26. Furthermore, the two heaters 
need not have the same pattern, and heaters having dif- 
ferent areas may be combined. Moreover, multiple gra- 
dation levels are required, three or more heaters may 
be used, as needed. 

Fig. 10 is a perspective view showing the arrange- 
ment of a manufacturing apparatus for manufacturing 
the color filter in Figs. 1 A to 2. 

Referring to Fig. 10, a manufacturing apparatus 20 
comprises an X-Y table 22 mounted on a base (not 
shown) and capable of moving in the X and Y directions 
in Fig. 1 0, and an ink-jet head IJH fixed on a base via a 
support member (not shown) above the X-Y table 22. A 
glass substrate 1 2 on which a light-shielding grating 1 0b 
and a layer 1 4 to be dyed (see Fig. 2) are formed by the 
above method is placed on the X-Y table 22. The ink-jet 
head IJH includes a red head 1 20a for discharging a red 
ink, a green head 1 20b for discharging a green ink, and 
a blue head 120c for discharging a blue ink. These 
heads 1 20a, 1 20b, and 1 20c are designed to discharge 
inks independently 

In the manufacturing apparatus 20 having the 
above arrangement, an R (red), G (green), or B (blue) 
ink is discharged into a desired frame of the light-shield- 
ing grating 10b while the X-Y table 22 moves with re- 
spect to the ink-jet head IJH in the X and Y directions. 
In this manner, each frame of the light-shielding grating 
10b is colored to complete a color filter. 

Fig. 11 is a block diagram showing the arrangement 
of a controller of the manufacturing apparatus 20. 

Referring to Fig. 11, reference numeral 31 denotes 
a teaching pendant as an input/output means of the con- 
troller; 32, a display unit for displaying results such as 
ink discharge information; and 33, a setting unit for set- 
ting discharging conditions such as a discharging pat- 
tern. 

Reference numeral 34 denotes a controller for con- 
trolling the color filter manufacturing apparatus 20; 35, 
an interface for exchanging data with the teaching pen- 
dant 31 ; 36, a CPU for performing stage control and or- 
bital plan calculation for the manufacturing apparatus 
20; 37, a ROM storing control programs for operating 



the CPU 36; 38, a RAM for storing data such as dis- 
charging conditions; and 40, a discharging control unit 
40 for controlling the discharging pattern of a coloring 
agent, which is an important portion of this embodiment. 
5 The discharging control unit 40 is constituted by a dis- 
charging timing control unit 43 for controlling a discharg- 
ing start position, a discharging inten/al, and the number 
of times of discharging, and a discharging amount con- 
trol unit 44 for controlling the size of a dot in a filter ele- 

10 ment. Reference numeral 41 denotes a control unit for 
the X-Y table 22 of the manufacturing apparatus 20 
which Is connected to the controller 34 and operates in 
accordance with a designation therefrom. 

In this embodiment, an ink is discharged from the 

75 orifices of the ink-jet head IJH by the ink-jet system, and 
the filter elements 10a of the color filter 10 are colored 
with ink dots. As the ink-jet system, a system based on 
heat energy or a system based on mechanical energy 
may be used. Either of the systems will do. An ink to be 

20 used is not specifically limited as long as it can be used 
for an ink-jet operation. As coloring agents for the ink, 
agents suitable for the transmission spectra required for 
R, G, and B filter elements are properly selected from 
various dyes and pigments. 

2S Ink dots may be directly formed on the glass sub- 
strate 12 having the light-shielding grating 10b and the 
transparent portions (the portions enclosed with the 
light-shielding grating 10b, i.e., the filter elements). 
However, as described above, the transparent layer 14 

30 to be dyed is preferably formed on the glass substrate 
12. As a material for the layer 14, acrylic resin, epoxy 
resin, imido resin, or a cellulose derivative such as hy- 
droxypropyl cellulose, hydroxy ethyl cellulose, methyl 
cellulose, carboxymethyl cellulose is preferably used. 

35 As a method of forming the layer 1 4, spin coating, roller 
coating, bar coating, spraying, dipping, or the like can 
be used. 

Although the thickness of the layer 14 to be dyed 
differs depending on the type and composition of an ink 

40 to be used for pattern formation, the amount of ink dis- 
charged, a method of using the ink, and the like, the 
thickness is preferably about 0.1 to 50 |im. 

A problem posed in this case is that the character- 
istics of coloring agents for R, G, and B inks greatly vary 

^5 depending on the characteristics of the layer 14 to be 
dyed, the shape of the light-shielding grating 10b (see 
Fig. 20), the maximum process temperature in the man- 
ufacturing process, manufacturers, and the type of a 
substrate. As described above, in the ink-jet system, the 

50 discharging positions and the amounts of inks dis- 
charged greatly influence white omission and color mix- 
ture. 

The operation of this embodiment which is to be 
performed to solve the above problem will be sequen- 
55 tially described with reference to Figs. 12 to 19. Refer- 
ring to Figs. 12 to 19, each white circle indicates the 
state of an ink several seconds after the impact of the 
ink. 
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When a plurality of Ink dots are discharged at equal 
» intervals as shown in Fig. 12, large white omissions ap- 
pear at peripheral portions as shown in Fig: 1 3. In addi- 
tion, the succeeding ink dots are attracted/absorbed by 
the preceding ink dots, resulting in the shape shown in 
Fig. 13. When ink dots are discharged in the shape 
shown in Fig. 1 4 in such a manner that the intervals be- 
tween dots B and C, and dots C and D in Fig. 12 are 
increased, and the intervals between dots D and E, and 
dots E and F are decreased, the ink pattern expands in 
the shape shown in Fig. 15. If the amount of ink dis- 
charged is increased at the dot C as shown in Fig. 16, 
the ink pattern expands in the shape shown in Fig. 17. 
Although the shape in Fig. 17 is better, white omissions 
appear at the corner portions, when the discharging 
start position of the dot A is slightly shifted, and a dot b 
is added after the dot B, the ink pattern expands in a 
considerably good shape, and a color^filter having no 
white omission can be formed, as shown in Fig. 19. 

As is apparent, the above phenomenon is just an 
example, and various phenomena may occur depend- 
ing on the shape of the light-shielding grating 10b, the 
properties of inks, and the properties of the layer 14 to 
be dyed. If, for example, light-shielding gratings like 
those shown in Figs. 20A to 20C are used, color filters 
can be properly colored by using discharging patterns 
like those shown in Figs. 21 A to 21 C. These ink dis- 
charging patterns are controlled by the discharging con- 
trol unit 40 in Fig. 11. 

In the above embodiment, an ink is discharged onto 
each filter element by using one of the patterns shown 
in Figs. 12 to 21 C. However, the present invention can 
be applied to cases wherein a plurality of filter elements 
arranged in the scanning direction of the ink-jet head 
are continuously colored, as shown in Figs. 27 and 28. 

In the cases in Figs. 27 and 28, an ink is also con- 
tinuously discharged onto light-shielding grating por- 
tions serving as partitions for the respective filter ele- 
ments in the scanning direction of the ink-jet head to 
continuously color the filter elements as one line from 
the start to the end of one scanning operation. Even if 
one row of filter elements extending in the scanning di- 
rection is continuously colored in this manner, since a 
user of a liquid crystal display apparatus or the like sees 
the color filters from the reverse side to the colored sur- 
faces, the respective filter elements of the color filter 
look reliably partitioned off by the light-shielding grating. 
That is, no problem is posed in practice. 

When a row of filter elements in the scanning direc- 
tion is to be continuously colored as shown in Fig. 27, 
this row is considered as one filter element. In this case, 
similar to the pattern in Fig. 1 8, ink dots are discharged 
such that some ink dots overlap the light-shielding grat- 
ing 10b at the early stage of a scanning operation, and 
ink dots are densely sprayed at the last stage of the 
scanning operation. With this operation, white omis- 
sions at the early and last stages of the scanning oper- 
ation can be prevented. If each filter element has a pro- 



truding portion lOf as shown in Fig. 28, the amount of 
ink discharged Is increased at this portion to form a large 
ink dot like. the one indicated by the hatching in Fig. 28. 
With this operation, a white omission as indicated by the 

5 portion lOf In Fig. 29 can be prevented, and hence a 
high-quality color filter can be manufactured. In this case 
as well, if the intervals between ink dots are decreased 
at the last stage of the scanning operation, a white omis- 
sion at the last stage of the scanning operation can be 

10 prevented at the same time. 

In practice, a manufacturing line for color filters 
must cope with various types of color filters with various 
sizes and types of substrates. In this case, manufactur- 
ing lines may be arranged for every types of color filters, 

?5 and manufacturing processes may be set by using fixed 
discharging methods. However, such a rrianufacturing 
method is not practical. 

In manufacturing various types of high-perform- 
ance color filters, various stages on a manufacturing line 

20 are inevitably replaced. In this case, various types of 
color filters are difficult to manufacture by a manufactur- 
ing method without the discharging control unit 40 for 
setting discharging conditions as in this embodiment. 
As described above, by using the color filter manu- 

25 facturing method and apparatus of this embodiment, op- 
timal ink dot discharging methods for the shapes of var- 
ious light-shielding plates, the properties of inks, and the 
properties of layers to be dyed can be set. This allows 
the manufacture of an inexpensive, reliable color filter 

30 capable of obtaining a clear image without color irregu- 
larity. 

In addition, a flexible manufacturing line for manu- 
facturing plurality of types of color filters can be easily 
set. 

35 Various changes and modifications of the above 
embodiments can be made without departing the scope 
and spirit of the invention. 

For example, as the ink-jet head, a so-called piezo- 
electric type head using mechanical energy converters 

40 such as piezoelectric elements may be used. In this 
case, the volume of the ink discharged can be easily 
adjusted by adjusting the applied voltage of a driving 
pulse. When a bipolar driving operation is to be per- 
formed, the ink volume can be adjusted by adjusting 

45 both or either of bipolar driving pulses. 

The present invention can be applied to a single- 
color filter and a filter of a type having a plurality of sin- 
gle-color filters of different colors stacked on each other. 
According to the above description, the present in- 

50 vention is applied to the print apparatus of the system, 
among various ink-jet recording systems, which has a 
means (e.g., an electricity-to-heat converter or laser 
light) for generating heat energy as energy used to dis- 
charge an ink, and changes the state of an ink by using 

55 the heat energy. According to this system, a high-den- 
sity, high-resolution recording operation can be realized. 

As for the typical structure and principle, it is pref- 
erable that the basic structure disclosed in, for example, 
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U.S. Patent No. 4,723,129 or 4,740,796 is employed. 
The aforesaid method can be adapted to both a so- 
called on-demand type apjbaratus anda 'continuiDus type 
apparatus. In particular, a satisfactory effect can be ob- 
tained when the on-demand type apparatus is employed s 
because of the structure arranged In such a manner that 
one or more drive signals, which rapidly raise the tem- 
perature of an electricity-to-heat converter disposed to 
face a sheet or a fluid passage which holds the fluid (ink) 
to a level higher than levels at which film boiling takes 10 
place are applied to the electricity-to-heat converter in 
accordance with recording information so as to generate 
heat energy in the electricity-to-heat converter and to 
cause the heat effecting surface of the recording head 
to take place film boiling so that bubbles can be formed 15 
in the fluid (ink) to correspond to the one or more drive 
signals. The enlargement/contraction of the bubble will 
cause the fluid (ink) to be discharged through a dis- 
charging opening so that one or more droplets are 
formed. If a pulse shape drive signal is employed, the 20 
bubble can be enlarged/contracted immediately and 
properly, causing a further preferred effect to be ob- 
tained because the fluid (ink) can be discharged while 
revealing excellent responsibility. 

It is preferable that a pulse drive signal disclosed in 25 
U.S. Patent No. 4,463,359 or 4,345,262 is employed. If 
conditions disclosed in U.S. Patent No. 4,31 3, 1 24 which 
is an invention relating to the temperature rising ratio at 
the heat effecting surface are employed, a satisfactory 
recording result can be obtained. 30 

As an alternative to the structure (linear fluid pas- 
sage or perpendicular fluid passage) of the recording 
head disclosed in each of the aforesaid inventions and 
having an arrangement that discharge ports, fluid pas- 
sages and electricity-to-heat converters are combined, 35 
a structure having an arrangement that the heat effect- 
ing surface is disposed in a bent region and disclosed 
in U.S. Patent No. 4,558,333 or 4,459,600 may be em- 
ployed. In addition, the following structures may be em- 
ployed: a structure having an arrangement that a com- 40 
mon slit is formed to serve as a discharge section of a 
plurality of electricity-to-heat converters and disclosed 
in Japanese Patent Laid-Open No. 59-123670; and a 
structure disclosed in Japanese Patent Laid-Open No. 
59-1 38461 in which an opening for absorbing pressure ^5 
waves of heat energy is disposed to correspond to the 
discharge section. 

Furthermore, as a recording head of the full line type 
having a length corresponding to the maximum width of 
a recording medium which can be recorded by the re- 50 
cording apparatus, either the construction which satis- 
fies its length by a combination of a plurality of recording 
heads as disclosed in the above specifications or the 
construction as a single full line type recording head 
which has integrally been formed can be used. ss 

In addition, the invention is effective for a recording 
head of the freely exchangeable chip type which ena- 
bles electrical connection to the recording apparatus 



main body or supply of ink from the main device by being 
mounted onto the apparatus main body, or. for the case 
by use of a recording head of the cartridge type provided 
integrally on the recording head itself. 

It is preferred to additionally employ the recording 
head restoring means and the auxiliary means provided 
as the component of the present invention because the 
effect of the present invention can be further stabled. 
Specifically, it is preferable to employ a recording head 
capping means, a cleaning means, a pressurizing or 
suction means, an electricity-to-heat converter, an an- 
other heating element or a sub-heating means consti- 
tuted by combining them and a sub-emitting mode in 
which an emitting is performed independently from the 
recording emitting in order to stably perform the record- 
ing operation. 

Although a fluid ink is employed in the aforesaid em- 
bodiment of the present invention, an ink which is solid- 
ified at the room temperature or lower and as well as 
softened at the room temperature, an ink in the form of 
a fluid at the room temperature, or an ink which is formed 
into a fluid when the recording signal is supplied may be 
employed because the aforesaid ink-jet method is ordi- 
narily arranged in such a manner that the temperature 
of ink is controlled in a range from 30°C or higher to 70°C 
or lower so as to make the viscosity of the ink to be in- 
cluded in a stable discharge range. 

Furthermore, an ink which is solidified when it is 
caused to stand, and liquified when heat energy is sup- 
plied in accordance with a recording signal can be 
adapted to the present invention to positively prevent a 
temperature rise caused by heat energy by utilizing the 
temperature rise as energy of state transition from the 
solid state to the liquid state or to prevent ink evapora- 
tion. In any case, an ink which is liquified when heat en- 
ergy is supplied in accordance with a recording signal 
so as to be discharged in the form of fluid ink, or an ink 
which is liquified only after heat energy is supplied, e. 
g., an ink which starts to solidify when it reaches a re- 
cording medium, can be adapted to the present inven- 
tion. In the aforesaid case, the ink may be of a type which 
is held as fluid or solid material in a recess of a porous 
sheet or a through hole at a position to face the electric- 
ity-to-heat converter as disclosed in Japanese Patent 
Laid-Open No. 54-56847 or Japanese Patent Laid- 
Open No. 60-71260. It is the most preferred way for the 
ink to be adapted to the aforesaid film boiling method. 

As has been described above, according to the 
present invention, the discharging start position of an 
ink discharged into a frame partitioning off each filter el- 
ement is changed to change the amount by which this 
ink overlap the frame. With this operation, white omis- 
sions at the corners of each frame owing to variations 
in materials for inks and substrates of the respective lots 
can be reduced as compared with the case wherein 
coloring is started at a predetermined position in each 
frame. 

When a plurality of inks are to be shifted/discharged 
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plurality of ink to be shifted and discharged, in 
an overlapping state, into the frame partitioning 
pff,each of the filter ej nnents. 

5 2. The method according to claim 1, wherein the ink 
is discharged by using an ink jet head for performing 
a coloring operation by discharging an ink. 

3. The method according to claim 2, wherein said ink- 
70 jet head is a head for discharging an ink by using 

heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the ink. 

4. The method according to claim 3, wherein a volume 
75 of the ink discharged is controlled by changing a 

driving pulse applied to said heat energy generator. 

5. The method according to any preceding claim, 
wherein the filter elements are colored in different 

20 colors. 

6. A color filter manufacturing apparatus for coloring 
each of many filter elements partitioned off by many 
frames, thereby manufacturing a color filter, com- 

25 prising: 



into each frame partitioning off a filter lement with th 
t droplets overlapping each other, a white omission at one 
side of the filter element can be prevented by decreasing 
the intervals between inks discharged in an overlapping 
state at the last stage of the coloring process. 

In addition, when a plurality of inks are to be shifted/ 
discharged into each frame partitioning off a filter ele- 
ment with the droplets overlapping each other, varia- 
tions in nozzles for discharging inks can be corrected by 
changing the numb r of inks to be discharged in an over- 
lapping state, thereby preventing density irregularity in 
coloring filter elements. 

Furthermore, when a plurality of inks are to be shift- 
ed/discharged into each frame partitioning off a filter el- 
ement with the droplets overlapping each other, white 
omissions and the like of each filter element can be pre- 
vented by partially increasing the amount of ink dis- 
charged onto a portion where irregularity tends to occur. 

The present invention is not limited to the above em- 
bodiments and various changes and modifications can 
be made within the spirit and scope of the present in- 
vention. Therefore, to apprise the public of the scope of 
the present invention the following claims are made. 



Claims 

1 . A color filter manufacturing method of coloring each 
of many filter elements partitioned off by many 
frames formed on a transparent substrate by dis- 30 
charging an ink colored in a predetermined color in- 
to each of the frames, thereby manufacturing a 
color filter, comprising any, some or all of steps (a)- 
(d) set out below: 

35 

(a) in coloring each of the filter elements, 
changing a discharging start position of an ink 
discharged into the frame partitioning off each 
of the filter elements to color the filter element 
while changing an amount by which the ink 
overlaps the frame; 

(b) decreasing intervals between ink, dis- 
charged in an overlapping state, at a last stage 
of a discharging process in coloring each of the 
filter elements, when a plurality of ink are to be ^5 
shifted and discharged, in an overlapping state, 
into the frame partitioning off each of the filter 
elements; 

(c) changing the number of inks, to be dis- 
charged in an overlapping state, in accordance 50 
with an amount of ink discharged in coloring 
each of the filter elements, when a plurality of 
inks are to be shifted and discharged, in an 
overlapping state, into the frame partitioning off 
each of the filter elements; or 55 

(d) setting amounts of ink, discharged in an 
overlapping state, to be different in units of inks 
in coloring each of the filter elements, when a 



discharge means for discharging a colored ink 
onto the substrate; 

moving means for moving relative positions of 
said discharging means and substrate; and 

control means for, when each of the filter elements 
is to be colored, controlling said moving means and 
said discharge means to carry out any, some or all 
of operations (a) to (d) set out below: 

(a) change an amount by which the ink overlaps 
the frame by changing a discharging start po- 
sition of the ink discharged into the frame par- 
titioning off each of the filter elements; 

(b) shift and discharge a plurality of ink, in an 
overlapping state, into the frame partitioning off 
each of the filter elements such that intervals 
between ink discharged in an overlapping state 
is decreased at a last stage of a discharging 
process; 

(c) shift and discharge a plurality of inks, in an 
overlapping state, into the frame partitioning off 
each of the filter elements such that the number 
of ink discharged in an overlapping state is 
changed in accordance with an amount of the 
ink discharged; or 

(d) shift and discharge a plurality of inks, in an 
overlapping state, into the frame partitioning off 
.each of the filter elements such that amounts 
of inks discharged in an overlapping state are 
set to be different in units of inks. 
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7. The apparatus according to claim 6, wherein said 
discharge means is an ink-jet head for performing 
a coloring operation by discharging an ink. 

8. The apparatus according to claim 7, wherein said s 
ink-jet head is a head having a heat energy gener- 
ator for generating heat energy applied to the ink. 

9. The apparatus according to claim 8, wherein a vol- 
ume of the ink discharged from said ink-jet head is io 
controlled by changing a driving pulse applied to 
said heat energy generator. 

10. The apparatus according to claim 9, wherein a vol- 
ume of the discharged ink is controlled by selective- 
ly using a plurality of heads designed to apply dif- 
ferent driving pulses to said heat energy generator. 

11. A color filter manufactured by coloring each of many 
filter elements partitioned off by many frames 20 
formed on a transparent substrate by discharging 

an ink colored in a predetermined color into each of 
the frames, wherein the fitter has any, some or all 
of the features (a) to (d) below: 

25 

(a) in coloring each of the filter elements, a dis- 
charging start position of an ink discharged into 
the frame partitioning off each of the filter ele- 
ments is changed to color the filter element 
while changing an amount by which the ink 30 
overlaps the frame, or 

(b) in coloring each of the filter elements, when 
a plurality of inks are to be shifted and dis- 
charged, in an overlapping state, into the frame 
partitioning off each of the filter elements, inter- 35 
vals between inks discharged in an overlapping 
state are decreased at a last stage of a dis- 
charging process; or 

(c) in coloring each of the filter elements, when 

a plurality of Inks are to be shifted and dis- 40 
charged, In an overlapping state, Into the frame 
partitioning off each of the filter elements, the 
number of inks to be discharged in an overlap- 
ping state is changed in accordance with an 
amount of ink discharged; or ^5 

(d) In coloring each of the filter elements, when 
a plurality of inks are to be shifted and dis- 
charged, in an overlapping state, into the frame 
partitioning off each of the filter elements, 
amounts of Ink discharged In an overlapping 50 
state are set to be different in units of inks. 

1 2. A display apparatus comprising a color filter accord- 
ing to claim 11 and light amount changing means 

for changing an amount of light. ss * 

13. The apparatus according to claim 12, wherein said 
fight amount changing means comprises a liquid 



crystal compound sealed between said color filter 
and said substrate which opposes said color filter. 

14. An apparatus according to claim 12 or 13, further 
comprising image signal output means for output- 
ting an image signal to said display apparatus. 

15. A color filter manufacturing method of manufactur- 
ing a color filter by discharging an Ink while scan- 
ning, with an ink-jet head, a transparent substrate 
on which many frames for partitioning off many filter 
elements are formed, and continuously coloring 
portions inside and outside the frames arranged in 
a scanning direction of said ink-jet head, comprising 
any some or all of steps (a) to (d) set out below: 

(a) coloring the filter elements arranged in the 
scanning direction while an amount by which 
the ink overlaps each of the frames is changed 
by changing a discharging start position of the 
Ink discharged into the frame at the start of the 
scanning operation; or 

(b) decreasing intervals between ink, dis- 
charged in an overlapping state, at a last stage 
of a scanning operation; or 

(c) changing the number of Inks, discharged in 
an overtapping state, in accordance with an 
amount of ink discharged; or 

(d) setting amounts of inks, discharged in an 
overlapping state, to be different in units of inks. 

16. The method according to claim 15, wherein said ink- 
jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the Ink. 

17. The method according to claim 16, wherein a vol- 
ume of the Ink discharged Is controlled by changing 
a driving puise applied to said heat energy genera- 
tor. 

1 8. The method according to claim 1 5, wherein the filter 
elements are colored In different colors. 

1 9. A color filter manufacturing apparatus for manufac- 
turing a color filter by discharging an Ink while scan- 
ning, with an Ink-jet head, a transparent substrate 
on which many frames for partitioning off many filter 
elements are formed, and continuously coloring 
portions Inside and outside the frames arranged in 
a scanning direction of said ink-jet head, compris- 
ing: 

moving means for moving relative positions of said 
ink-jet head and substrate; and 
control means for controlling said moving means 
and said ink-jet head so that any, some or all of (a)- 
(d) are obeyed: 
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(a) such that an amount by which the ink over- 
laps the frame is changed by changing a dis- 
charging start position of the ink discharged in- 
to the frame at the start of the scanning opera- 
tion; 5 

(b) to decrease intervals between inks dis- 
charged in an overlapping state at a last stage 
of the scanning operation; 

(c) changing the number of inks, discharged in 

an overlapping state, in accordance with an 10 
amount of ink discharged; 

(d) to set amounts of inks discharged in an over- 
lapping state to be different in units of inks. 



scanning direction so as to equalize color irregular- 
ity In the filter element array. 

25. A method of equalizing colored states of areas in a 
filter element array on a substrate In manufacturing 
a color fitter by discharging an ink onto the substrate 
to perform a coloring operation while relatively 
scanning the substrate with an ink-jet head, 
comprising changing a method of discharging the 
ink from said ink-jet head for each area in a filter 
element array which is located on the substrate, in- 
cludes at least one filter element, and extends in a 
scanning direction. 



20. The apparatus according to claim 19, wherein said 
ink-jet head is a head for discharging an ink by using 
heat energy, said head having a heat energy gen- 
erator for generating heat energy applied to the Ink. 

21. A color filter manufactured by discharging an ink 
while scanning, with an ink-jet head, a transparent 
substrate on which many frames for partitioning off 
many filter elements are formed, and continuously 
coloring portions inside and outside the frames ar- 
ranged in a scanning direction of said ink-jet head, 
wherein the filter elements arranged in the scanning 
direction are colored while an amount by which the 
ink overlaps each of the frames is changed by any, 
some or all of: 

(a) changing a discharging start position of the 
ink discharged into the frame at the start of the 
scanning operation; 

(b) decreasing intervals between ink dis- 
charged in an overlapping state at a last stage 
of a scanning operation; 

(c) changing the number of inks discharged in 
an overlapping state in accordance with an 
amount of ink discharged; and/or 

(d) setting amounts of inks discharged in an 
overlapping state to be different in units of inks. 



75 26. The method according to claim 24 or 25, wherein 
said ink-jet head is a head for discharging an ink by 
using heat energy, said head having a heat energy 
generator for generating heat energy applied to the 
ink. 
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22. A display apparatus comprises a color filter accord- 
ing to claim 21, and light amount changing means 
for changing an amount of light. -=^5 



23. An apparatus according to claim 22, further com- 
prising image signal output means for outputting an 
image signal to said display apparatus. 

50 

24. A method of manufacturing a color filter by dis- 
charging an ink onto a substrate to perform a color- 
ing operation while relatively scanning the substrate 
with an ink-jet head, 

comprising changing a method of discharging the 55 
ink from said ink-jet head for each area in a filter 
element array which is located on the substrate, in- 
cludes at least one filter element, and extends in a 



19 




FIG. IB 




20 



FIG. 2 
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